Abstract

Introduction
The absence of a gold-standard measure for diagnosis and monitoring of physical activity has led to the use of a variety of methodologies. Objective devices such as accelerometers and pedometers ensure greater accuracy, but are more difficult to use and more expensive than questionnaires 1 . However, self-report questionnaires also present certain limitations such as the overestimation of physical activity by participants 2 .
One of the most commonly used procedures for data collection are face-to-face interviews 3, 4 and self-administered questionnaires 5, 6 . Telephone interviews are a low-cost method of data collection, especially in high income countries where practically the entire population has access to a telephone service. The Behavioral Risk Factor Surveillance System (BRFSS) 7 is a well known monitoring system which has been updated annually since 1984 to monitor health conditions and risk behavior, including physical inactivity during leisure time 8 . Created by the Centers for Disease Control and Prevention (CDC), the system collects data from adults through landline and cell phone interviews in all 50 US states as well as the Districts of Columbia, Guam, Porto Rico and the Virgin Islands. Telephonic surveys have also been successfully experimented in other developed countries such as Spain 9 and Israel 10 .
In middle-income countries such as Brazil, the use of telephone interviews is a relatively recent phenomenon. In 2006, an annual survey of the frequency and distribution of the main determinants of chronic non-communicable diseases in Brazilian state capitals and Federal District was initiated through the Surveillance System of Protective and Risk Factors for Chronic Diseases Telephone Survey (VIGITEL) 11 . Physical activity has been measured in a number of different ways including frequency of physical activity during leisure time, physical inactivity and, more recently, sufficient leisure time and/or commuting physical activity 12 .
Although the physical activity assessment tools used in Brazil appear to be reproducible and accurate 13 , the methodological aspects of research 14, 15 may differ and studies generally depend on weighted analysis to assess sample representativeness of census surveys. To the best of our knowledge, studies comparing the results of telephone and face-to-face interviewing techniques for assessing physical activity indicators have not yet been carried out.
The objective of this study was to compare estimates of prevalence of physical activity indicators and associated sociodemographic factors among adults in a state capital in the South of Brazil obtained from surveys by telephone and face-to-face interviews.
Methods
Research using face-to-face interviews consisted of a cross-sectional population-based study carried out between September 2009 and January 2010 using data from the EpiFloripa study which investigated the health conditions of a representative sample of adults in Florianópolis, capital of the State of Santa Catarina. Florianó-polis occupies first place in the Human Development Index (HDI) ranking in Brazil (http://www. pnud.org.br/atlas/ranking/IDH-M%2091%20 00%20Ranking%20decrescente%20(pelos%20 dados%20de%202000).htm, accessed on 18/ Aug/2011).
The following parameters were used to determine the minimum sample size needed: unknown prevalence of the different outcomes of the inquiry (50%); 95% confidence interval (95%CI); sampling error of plus or minus four percentage points; a design effect of two with additional 10% for losses; 15% was added for adjusted analysis for potential confounders. The sample size after rounding was 2,016.
The sampling process was carried out in two stages. The first stage consisted of organizing 420 urban areas of Florianópolis adopted by the 2000 Demographic Census (http://www.ibge.gov.br) in ascending order according to head of the household income and randomly selecting six areas from each income decile (n = 60 census areas).
In the second stage, the number of households in each census area was updated by field supervisors by counting the number of occupied homes in each selected census area. The number of occupied homes in each area varied between 61 and 810. The areas were reorganized using fusion and division to reduce the coefficient of variation between areas. The initial coefficient of variation was 55% (n = 60 sectors) and decreased to 32% after adjustment (n = 63 areas comprising 16,755 households). Eighteen households were randomly selected from each census area giving a total of 1,134 households. An average of approximately 32 adults from each census area participated in the study. Inverse probability weighting was used to account for the inverse probability of a household being included in the sample.
The face-to-face interviews were undertaken by 35 trained interviewers using a Personal Digital Assistant (PDA) to record information. Quality control of interviews was conducted by randomly checking 15% of the completed interviews (n = 248) from each area. The study was approved by the Human Research Ethics Committee of the Santa Catarina Federal University (document number 351/08).
Research using telephone interviews was performed by the Brazilian Ministry of Health through the VIGITEL. The minimum sample size needed to estimate prevalence of different risk factors was calculated as 2,000 individuals aged 18 years and over (95%CI; margin of error = 2%).
The research sample was systematically selected from 4,800 registered land lines informed by the telephone companies present in the city. The selected lines were then reselected and divided into 25 replicas, each with 200 lines and the same proportion of lines per census area. This process was performed due to difficulties in estimating the proportion of eligible (i.e.: active) land lines; estimates indicate that 69.3% of households in Florianópolis have land line telephones 11 . Phone lines were excluded if they belonged to a company, no longer existed, were out of service, or did not respond to ten calls made at different times on different days. For each eligible line (n= 2,555), the users that agreed to participate in the study were asked to confirm the number of individuals aged 18 years and over residing in the household. A total of 1,800 adults participated in the study.
Telephone interviews were carried out from January to December 2009 by a specialized company contracted for the study with 20 interviewers, four supervisors and a coordinator. The team received prior training and was supervised throughout the period of data collection by a researcher from the University of São Paulo and professionals from the Secretary of Health Surveillance of the Brazilian Ministry of Health.
The following weighting procedures were performed: adjustment based on the inverse number of telephone lines in the interviewee's home, to correct for the greater probability of selection of individuals living in households with more than one telephone line; adjustment based on the number of adults living in the household, to correct for the lower probability of participation of individuals living in households with a larger number of adult residents; sample matching based on sociodemographic characteristics. In this procedure the sample was stratified into 36 sociodemographic categories according to gender (male and female), age range (18-24, 25-34, 35-44, 45-54, 55-64 and ≥ 65 years) and educational attainment (0-8, 9-11 and ≥ 12 complete years of study). The same classification was then carried out for the population of Florianópolis based on the 2000 Demographic Census 16 . The weighting factor consisted of the ratio between the relative frequencies of individuals from the 2000 Demographic Census and the telephone interview sample in each of the 36 sociodemographic categories.
The VIGITEL was approved by the National Human Research Ethics Committee of the Brazilian Ministry of Health. Since this was a telephone survey, verbal consent was obtained instead of written informed consent.
The questions asked in the face-to-face and telephone interviews were identical in order and format and corresponded to the questions from the physical activity section assessed by the 2009 VIGITEL 12 . Sufficient leisure time physical activity was considered as at least 30 minutes of light to moderate activity a day, at least five days a week, or at least 20 minutes of vigorous physical activity a day, at least three days a week, as recommended by the World Health Organization (WHO) at the time of the study 17 . Light to moderate physical activities included walking, walking on a treadmill, weight training, water aerobics, general gymnastics, swimming, martial arts, cycling and volley-ball. Vigorous physical activities included running, running on a treadmill, gymnastic aerobics, football, basketball and tennis 12 . This indicator was assessed by the questions: "Have you done any kind of physical activity or sport in the last three months?"; "What main physical exercise or sport do you do on a regular basis?"; "Do you exercise at least once a week?"; "How many days a week do you usually do physical exercise or sport?"; and "How long do you exercise for on the days that you do physical activity?".
Those individuals who answered within the following activity categories were considered physically inactive: had not practiced leisure time physical activities in the last three months; did not carry out physically demanding tasks at work (did not walk much, did not carry weight and did not practice any equivalent physical activity ); did not go to work on foot or by bicycle; and were not responsible for most of the housework.
Individuals who practiced physical activity in their leisure time (according to the above criteria) and/or who went to work or school/college on foot or by bicycle (spending at least 30 minutes a day on the activity), were considered sufficiently active in their leisure and/or commuting time. This indicator was assessed based on the answers to the questions regarding leisure time physical activity cited above and to four questions about commuting to work and/or school/college: " The following sociodemographic indicators were assessed: gender (male and female); age (20-29; 30-39; 40-49 or 50-59 years); marital status (living with or without a partner) and educational level (0-4; 5-8; 9-11 or ≥ 12 complete years of study).
For the purpose of comparing estimates of physical activity obtained from the face-to-face and telephone interviews, all subjects outside the 20 to 59 age range were excluded. Data analysis was performed using the Stata statistical software, version 11.0 (Stata Corp., College Station, USA). Descriptive statistics were used to estimate prevalence and 95%CI for categorical variables. The numerical variables were presented as averages. An unadjusted analysis was performed to compare the factors associated with level of physical activity using Wald tests for heterogeneity (for nominal categorical variables) and linear trend (ordinal categorical variables). Poisson regression with robust variation was used for the adjusted analysis to estimate prevalence ratio as effect measures. Data was analyzed separately due to the different sample weighting of each study. The "svy" command for complex data and a "backward" selection strategy with a critical level of p ≤ 0.20 were used to control confounding variables. In the regression models, demographic variables (gender, age and current marital status) were initially included, followed by social variables (educational level) and the outcomes were adjusted for sociodemographic variables.
Results
Face-to-face interviews were conducted with 1,720 adults from a total initial sample of 2,016 eligible subjects (85.3%), while telephone interviews were conducted with 2,011 individuals from an initial sample of 2,555 eligible subjects (78.7%). With regard to telephone interviews, after excluding individuals aged ≤ 19 and ≥ 60 years (n = 536), the final sample size was 1,475. Table 1 shows the sociodemographic characteristics of both samples. Over half of the interviewees were women and lived with a partner. The average age of the telephone interview sample and face-to-face interview sample was 36 years (95%CI: 35.1; 36.8) and 37.3 years (95%CI: (Figure 1) . Table 2 presents a description of physical activity indicators by sociodemographic characteristics for each sample. No significant difference was found between the sociodemographic categories of the samples with respect to the prevalence rate of sufficient leisure time physical activity and sufficient leisure time and/or commuting physical activity. Prevalence of physical inactivity in men and younger adults (20-29 year age group) without a partner and with a high level of education (≥ 12 years of study) was higher in all of the abovementioned categories in the telephone interview sample. No significant differences were observed with respect to the remaining categories of age and educational level.
The adjusted analysis showed an association between sufficient leisure time physical activity and being male in both samples (telephone interviews: PR = 1.56; 95%CI: 1.11; 2.18 and faceto-face interviews: PR = 1.55; 95%CI: 1.23; 1.95) ( Table 3) . A direct association, with similar magnitude of effect, was found between sufficient leisure time physical activity and educational level in both samples. Neither of the studies showed a significant statistical association between age and marital status and sufficient leisure time physical activity.
The prevalence of sufficient leisure time and/ or commuting physical activity was lower among younger members of the telephone interview sample (p = 0.04) and among members of the face-to-face interview sample with a partner (p = 0.003). Neither of the studies showed a significant association between leisure time and/or commuting physical activity and the remaining sociodemographic variables (Table 3) .
Men in the telephone interview sample were 74% more likely to be physically inactive in the four domains, while in the face-to-face interview sample prevalence of inactivity was greater in older individuals (p < 0.001) and those with a partner (p = 0.05).
Discussion
This study shows that the two interview techniques yielded generally similar results regarding physical activity indicators. After the inclusion 4, 10, 20 and therefore this finding may be explained by the similarity between the sociodemographic characteristics of the samples. Another study carried out in Brazil that compared the results of face-to-face and telephone interview techniques used for administering the International Physical Activity Questionnaire with a group of adults found a very high correlation between the two techniques (kappa coefficient 0.69) 21 .
Research focused primarily on leisure time physical activity domains because activity in this domain is generally more intense. However, other domains of physical activity can also contribute to a significant reduction in mortality from all causes, particularly cancer and cardiovascular disease 22, 23 . The proportion of individuals from the telephone and face-to-face interview samples considered physically active during leisure time was 19.3% and 15.5%, respectively. This proportion is higher than that observed in China (10%) 24 but lower than in developed counties such as Spain (28.8%) 25 and the United States (41.9%) 26 . These differences may be explained by environmental and socioeconomic factors. In the present study, the results of both interview techniques showed that men were more physically active during leisure time than women and a direct association was observed between education level and sufficient physical activity. These findings are consistent with other studies 4, 8, 25, 26 that suggest that men are more active during leisure time due to greater involvement in sports 16, 26 , while women carry the burden of a double work day that hinders their engagement in recreational physical activity.
The contribution of leisure time physical activity to total energy expenditure from daily physical activity is lower than other domains 4, 27 . Physical activity during commuting makes up a significant proportion of total physical activity among the population, especially in developing countries 28, 29 . The use of leisure time physical activity as a sole indicator to evaluate compliance with recommended levels of physical activity leads to a reduction in the association between sociodemographic characteristics and prevalence of sufficient leisure time and/or commuting physical activity as an indicator of the total physical activity. Estimates of prevalence of sufficient leisure time and/or commuting physical activity based on data from telephone interviews and face-to-face interviews were similar (35.1% and 29.1%, respectively). However, these findings differ considerably from those observed in studies carried out in the United States 26 and China 24 which state that five out of 10 adults are physically active when leisure and commuting domains are considered together. Prevalence by population subgroups was very similar, reflecting only small differences in rates according to sociodemographic characteristics. No significant differences were found between the two interview techniques.
The two interview techniques yielded very similar prevalence rates of physical inactivity based on physical inactivity in all four domains. Physical inactivity was slightly higher among younger and more educated individuals in the telephone interview sample. However, the two interview techniques showed divergent results suggesting that errors occurred in estimates of associated factors. Men and more educated individuals from the telephone research sample were more inactive, whereas in the face-to-face interview sample older individuals and those with a partner were more likely to be physically inactive. A literature review 30 suggests that physical activity is generally greater in younger married men with a higher level of education. However, it should be emphasized that the majority of studies included in this review focused exclusively on the physical activity in leisure time domain, where the influence of sociodemographic characteristics on prevalence of physical activity is more pronounced. In a study in China 4 that grouped activity into commuting, occupational, household and leisure time, no significant differences in weekly energy expenditure were observed between genders.
Possible explanations for differences between the factors associated with physical activity under the two interview techniques are greater access to landline telephones among certain population subgroups 31 , the long duration of the data collection process under the telephone interview technique (seasonality) and the probability of the occurrence of random errors due to the numbers of variables which comprise physical inactivity.
This research is unique in that it provides previously unavailable data. Although some indicators evaluated by the VIGITEL system have already been analyzed 32, 33, 34 , no previous comparison of the physical activity indicators used by this monitoring system had been carried out using telephone monitoring and household interviews. However, the present study has certain limitations that need to be taken into account. Florianópolis has one of the highest coverage rates for landline telephones among Brazilian state capitals 11 . Positive results observed with regard to prevalence estimates for physical activity indicators may not be repeatable in cities with lower coverage and this situation needs to be addressed. In addition, the time spent collecting data through telephone interviews may have been affected by the time of year that the study was carried out. Finally, data was collected in 2009 and the current scenario for physical activity indicators may be different.
Monitoring the factors associated with health behaviors is essential to designing adequate public policies. The recent initiative in Brazil to monitor risk and protection factors related to chronic disease using telephone interviews is an interesting alternative to reduce the costs and time involved in data collection in such a large country. The prevalence rates of general and specific physical activity indicators by sociodemographic characteristics were generally similar under the two interview techniques analyzed by this study. It is recommended that future research should be carried out to compare physical activity indicators with other health indicators in cities covered by the VIGITEL system where a lower percentage of households have access to landlines. 
